Study aim: To compare the electromyographic activity during maximal isometric contraction alone or combined with local sinusoidal vibration. Material and methods: A group of 6 men aged 23 -29 years performed 3 maximal voluntary contractions of the dominant elbow flexors lasting 10 s each and separated by 5-min intermissions. One repetition was without vibration, one was associated with 15-Hz and the other one with 20-Hz vibrations of 5-mm amplitude, the sequence of repetitions being random. A new system to generate local vibration was applied, the parameters of the vibratory stimulus being measured using an accelerometer. Force and EMG activity were also measured. The subjects performed the task in sitting position in a Scott Bench-type device. Results: Mean acceleration RMS significantly (p<0.01) differed between vibration frequencies for the X, Y, Z-axes. No significant differences were found, however, for EMG RMS. Vibration frequencies coincided with the machinepredicted ones; acceleration frequencies around 5 Hz were present in all situations, even without vibration, most likely brought about by tremor.
Introduction
Vibrations are fluctuations of a mechanical or structural system in equilibrium position [10] . Since the eighties, vibration has been applied as a potential stimulus to improve strength performance in sports. Vibrations may be variously classified, e.g. by site and type of oscillations. Whole body vibration is usually applied by commercial platforms while local vibration is usually applied to upper extremities [11] by holding a vibrating device or by applying vibration directly on given tendon or muscle.
When the wave form can be predicted by e.g. mathematical function, that wave type is termed 'deterministic', otherwise -'random'. Vibrations that humans are exposed to are usually random [11] and are considered an important stimulus to the human body. Random vibrations are difficult to be generated, yet Haas et al. [5] used them in Parkinson's disease.
The most common wave form of "artificial" vibrations used in sport training is sinusoidal [4] , the most common device for vibration training being vibration platforms that provide whole body vibration (WBV). Local vibrations were less studied since the respective devices are not available commercially. Local vibrations are used mainly in basic research and in sport training studies [2, 7, 14, 18] ; these are generated by special engines and transmitted by cables. However, the wave path may affect (damping or amplifying) the wave form.
When wave parameters (frequency, amplitude and acceleration) are changed, the stimulus to the neuromuscular system is modified as well [9, 15, 16] thus masking the effect. A rigorously controlled study in vibration training is very difficult since apart from the vibration parameters, the characteristics of the stimulus (duration, recovery interval, number of repetitions) and of the muscular activation level are essential to determine the system responses [12] . The reports on the effectiveness of vibration to improve strength and power [3] are controversial and, sometimes, obscured due to the lack of precise information about the vibratory stimulus.
During maximal isometric contraction with local vibration, Humpries et al. [6] found that the mean square roots of electromyographic activity (EMG RMS) in situations with or without vibration were alike. The amplitude used was, however, very low (0.13 mm) and the frequency was 50 Hz. Some authors reported low frequencies [9] and high amplitudes [15, 16] to be more effective in improving the performance. Recently, our study group developed a system for applying local vibration. Some pilot studies with accelerometer showed that little changes in the structure of the vibration generator were sufficient to produce various wave forms with the same input. The system was subsequently adjusted to generate a wave form with lowest possible noise.
The lack of consistent reports on vibration training and the importance of acute responses of the neuromuscular system to the vibratory stimulus for sport sciences prompted us to determine the electromyographic activity during maximal isometric contractions either alone or combined with local sinusoidal vibration, by employing a new system generating local vibration.
Material and Methods
Six healthy adult men, experienced in strength training, volunteered to participate in the study. Their age ranged 23 -29 years, body height 175 -186 cm, body mass 67 -108 kg. All subjects submitted written consents to participate; the study was approved by the local Ethics Committee.
The subjects performed 3 maximal voluntary contractions of the dominant elbow flexors lasting 10 s each and separated by 5-min intermissions. The elbow ankle was kept 90º and the other arm rested on the support plate. One repetition was without vibration, one was associated with 15-Hz and the other one with 20-Hz vibrations of 5-mm amplitude, the sequence of repetitions being random. A new system to generate local vibration was applied, the parameters of the vibratory stimulus being measured using an accelerometer. Force and EMG activity were also measured. The subjects performed the task in sitting position in a Scott Bench-type device (Fig. 1) .
The vibration generator consisted of an engine (WEG, 5CV, Brazil) controlled by frequency inverter (WEG, CFW08). A cable was fixed on a stable element and passed through a 5-mm eccentric, coupled to the engine axis, that determined the vibration amplitude. Throughout the exercise, EMG activity and acceleration were measured using Biomonitor ME6000 (Finland). The surface electrodes (Ag/Ag Cl -3M) were fixed on the biceps brachial muscle according to ISEK norms. The accelerometer was fixed on a wrist orthesis that the individual used to mini-mise wrist flexion.
Fig. 1. The arm flexion stand
The sampling frequency was 1000 Hz. The same data range was analysed for EMG and acceleration (10 s) triggered by the Biomonitor. The EMG signals were digitally filtered with a 4 th order low-pass Butterworth filter, at a frequency of 350 Hz, a similar high pass at 20 Hz and a band reject at 60 Hz. Next, the RMS was calculated and normalised by the EMG peak of the maximal isometric contraction without vibration. A Fast Fourier Transform (FFT) was applied to acceleration data for a frequency domain analysis. One-way ANOVA was applied to EMG RMS and acceleration RMS data, the level of p≤0.05 being considered significant. SigmaStat v. 3.5-software was used in data analysis.
Results
Mean acceleration RMS significantly (p<0.01) differed between vibration frequencies for the 3 axes. No significant differences were found, however, for EMG RMS. The X-axis corresponds to the acceleration in contraction direction, Y-axis -in lateral direction and Z-axis -in vertical direction.
The frequency domain analysis of acceleration revealed that the vibration frequencies coincided with the machine-predicted ones, some harmonics being also present (Fig. 2) . It is noteworthy that frequencies around the peaks (15 or 20 Hz) were also affected. Besides, acceleration frequencies around 5 Hz were present in all situations, even without vibration (Fig. 2) . 
Discussion
The results of this study are supported by those of Humphries et al. [6] who found no significant difference in EMG following application of 50-Hz vibration vs. no vibration. They concluded that the applied stimulus was not potent enough to contribute to muscle activation or enhance force output for maximal isometric contraction. Since the applied vibration characteristics were ineffective in inducing significant differences, lower frequency and higher amplitude were applied but these proved ineffective as well. Some effect of vibration on the performance, e.g. maximal strength, could not be ruled out but that was not investigated by us. Since a 10-s contraction is too weak to be s stimulus in trained individuals, future studies should focus on acute responses to vibration stimuli under training conditions. Neuromuscular performance in a state of fatigue was studied [1, 13] ; the authors reported that vibration could enhance muscle fatigue due to sustained maximal contraction. In both studies prolonged contraction was used (1 minute and until exhaustion, respectively); however, in strength training, short, repeated bouts are most common, so their effects on possible decrease in strength performance and EMG activity need be determined.
With respect to acceleration, it should be emphasised that the frequency range input to the wrist contained high peaks at the machine-predicted frequencies. Those peaks were surrounded by lower, intense frequencies. The expected harmonic frequencies were also present.
In harmonic movements, acceleration and displacement amplitudes can be described by the following equation: A = ω 2 D, where A is acceleration, ω is the frequency in harmonic movements, and D is the displacement amplitude. In addition, ω = 2π/T, where T is the period, and T = 1/f, where f is the frequency. So, if the only variable modified between situations 20 and 15 Hz was frequency then, according to equations, acceleration amplitude for 20 Hz should be 1.78 times greater than for 15 Hz (20 ²/15 ²). Using the principal (X) axis, the acceleration amplitude for 20 Hz was actually 1.73 times greater than for 15 Hz (2.31/1.33). This result shows that the manipulation of the vibration frequency resulted in the expected change in acceleration amplitude.
Lower intensity accelerations were noted around 5 Hz in all contractions studied. This could have been due to muscle tremor because lateral movements were possible. The orthesis was stabilised at the wrist and, thus, it could not move. In addition, a similar frequency range was noted in all subjects.
In vibration generators that use cables and pulleys [2, 7, 8, 14] , the acceleration and frequency input were not measured in human beings. In contrast, direct measurements of acceleration were conducted in this study and confirmed by the results of abovementioned authors. Measuring these mechanical properties is important since their modification affects the subject's responses.
Summing up, the 15 or 20 Hz vibration applied to the upper extremity did not affect the EMG response intensity in agonist muscle. The characteristics of the vibratory stimulus matched the predicted frequencies and, additionally, revealed other frequencies around 5 Hz, that could be attributed to muscle tremor. Therefore, future studies should include a wider frequency range, 
